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ABSTRACT 
Hydrogen peroxide is an oxidizing bleaching agent that is utilized 
extensively in the pulp and paper industries to bleach cellulosic fibers to high 
brightness levels. The main advantage of hydrogen peroxide bleaching of 
mechanical pulps is the high yield. Peroxide used under mild alkaline 
conditions can significantly increase brightness 10-20 points by oxidizing lignin 
constituents without actual lignin degradation. Due to peroxides' inherent 
quality of lignin preservation, it is an excellent bleach for application to CTMP. 
This allows a high yield process like BCTMP to compete with kraft pulp in 
application to many grades of paper. 
Peroxide is an expensive bleach agent and it is of utmost importance to 
achieve sufficient control and understanding of its effects in order to receive 
maximum benefits while minimizing consumption. The purpose of this thesis 
will be to optimize the brightness response of the CTMP bleaching process 
with hydrogen peroxide by periodic additions of bleach liquor at various 
charges while maintaining a specific process pH. 
After bleaching trials were completed, brightness increases of 12 points 
were achieved with 3% peroxide bleach liquor addition. It was confirmed that 
increasing applications of peroxide increases the achievable brightness. The 
application of peroxide at different times during the experiment with pH 
control show no significant difference to a procedure of full beginning liquor 
charge with no pH control. It is also concluded that heavy metal ion chelation 
is a requirement and sufficient mixing is recommended to achieve all the 
benefits of hydrogen peroxide utilization. 
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INTRODUCTION 
In the early 1940's, a new bleaching chemical was introduced that had 
the ability to sufficiently bleach high lignin containing pulps with little 
decreases in yield. Groundwood mills noticed a remarkable increase in the 
brightness of groundwood fibers with the use of hydrogen peroxide (HO) in 
an alkaline medium. This allowed newsprint mills to reduce the quantity of 
kraft pulps, which were costly, and achieve the same final sheet brightness. 
Today, peroxide is used extensively in many different facets of the pulp and 
paper industry. 
In the beginning, the main advantage of peroxide bleaching was that it 
acted as a lignin-preserving bleaching agent that could raise the pulp 
brightness almost 15 points. Since that time there have been many 
experimental results to aid in the further understanding of this bleaching agent. 
Today, its industrial uses include bleaching of kraft pulps, mechanical pulps, 
and recycled pulps. In the United States alone, the consumption rate of 
peroxide is 50% for kraft, 30-40% for mechanical pulps, and 10-20% for 
recycing. In Canada, the consumption for mechanical pulps is 70-80%.(1) The 
total projected United States consumption for 1990 should be 225 million lbs., 
a 25% increase over 1989.(1) Projected increases for 1991 are 10-15%. The 
current list prices for peroxide are in the $ 0.34/lb. range (a 50% concentration 
basis).(1) 
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Objective 
Peroxide is relatively expensive; therefore, it is of great interest to 
achieve sufficient control and understanding of the bleaching process and 
minimize its consumption. For this reason and more, the purpose of this thesis 
will be to optimize the bleaching process of hard wood Chemithermomechanical 
pulp (CTMP) with hydrogen peroxide by periodic injections of the bleach 
liquor at varying charges while maintaining specific pH levels. 
The basic hypothesis involves spreading the bleach liquor out into 
different additions instead of charging all the liquor at the beginning of the 
bleaching stage. The hypothesis developed parallels a kraft cooking process 
called a modified cook. In that process, the cook liquor is added at three 
different places which allows for a more uniform cook. The pH optimization 
by monitoring pH levels throughout the bleaching experiment is based upon 
the premise that maximum bleaching is achiieved at a level of pH 11.0. At 
this alkalinity, dissociation of Peroxide into desired bleaching components is at 
its highest level. 
The thesis is justified in that optimization will reduce chemical costs, 
allow increased bleached pulp brightness, improve brightness stability, and 
provide a better understanding of the peroxide bleaching for CTMP. 
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BACKGROUND 
Bleached CTMP (BCTMP) is a type of pulp being utilized mainly in 
Canada as a replacement of or substitution for kraft pulps which are expensive. 
The production process for this pulp is quite simple considering the similarities 
between it and TMP. The CTMP is made with mild chemical pulping 
treatments, usually sulfite, to produce pulps with yields on the order of 90-
95%. The resulting pulp from the defibering stage is bleached to a final 
reachable brightness target. Some of the stated advantages of using BCTMP 
over kraft pulps are better opacity which increases with refining, high bulk and 
compressibility, and excellant calendering and printing properties.(2) These 
advantages make BCTMP suitable for products such as fluff, tissue, paperboard, 
newsprint, and fine writing and printing papers.(3) 
This thesis will concentrate on a hardwood CTMP, specifically aspen. 
Aspen has the advantage of a higher unbleached brightness and low internal 
extractives content (which will be discussed later). The high initial brightness 
of this hardwood allows for a higher final brightness, which is advantageous 
when the BCTMP is used as a kraft pulp replacement. 
The following subcategories will go into detail about the bleaching 
process itself. Descriptions about the inherent properties of the H2o2 bleaching 
process will be given to better understand the basis of this thesis. 
Why Hydrogen Peroxide? 
The main reason for using H2o2 for bleaching, as stated before, is that 
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it's a lignin preserving agent under mild cooking conditions. It acts as an 
oxidizing agent which brightens the colored impurities of lignin while leaving 
the lignin and cellulosic materials intact. Oxidizing agents " ... are the species 
that 1) contain elements the decrease in oxidation number, 2) are themselves 
reduced and, 3) Oxidize other substances."(4) Stated another way "A reaction 
in which the atoms in an element lose electrons and its valence is 
correspondingly increased."(5) In this manner, the H2o2 reactes with side 
chains of the lignin molecule without solubilizing the lignin itself. Under more 
severe bleaching conditions Peroxide contributes to the progressive elimination 
of lignin residues to increase and stabilize the brightness of pure chemical 
pulps. 
Using Peroxide in single-stage applications yields pulps with good 
brightness stability and yellowness, and next to single stage hydrosulfite 
bleaching, it is the easiest to control bleaching process.(6) Its major advantage 
is that it can provide mechanical pulps with brightness gains of 10-20 points 
with minimum yield loss.(7) Its basic decomposition products of water and 
oxygen pose no immediate environmental impacts. 
Some other basic reasons for using Hydrogen Peroxide include its ease 
of handling and application, versitility, and the relative non-toxic and 
innocuous nature of its reaction products.(8) Peroxide decomposition products 
as stated above are water (H 0) and oxygen (0 ). 
2 2 
Color Formation During Pulping 
During the pulping process, color constituents are formed which give 
unbleached pulp its adverse color. The process of CTMP entails a pulping 
chemical which breaks down a small portion of the lignin in the chips. Any 
reaction involving pulp cooking lquors and lignin chromophores decreases the 
effect of H2o2 bleaching.(8) Gellerstedt, et. al., states that in addition to the
native wood chromophores, new quinones of various types are created during 
chip breakdown due to the autoxidation of phenolic compounds in the 
lignin.(9) The best explanation is that " ... formation of color (in cooked pulp) 
is supposed to be due to a large extent to the presence of lignin structures 
carrying free phenolic hydroxyl groups. In the presence of a sensitizer these 
structures are easily converted to phenoxy radicals which in an oxygen 
atmosphere are further oxidized to various quinone structures. The latter are 
strongly colored."(10) These color molecules adversely affect the brightness and 
brightness stability of the final pulp product as well as the bleaching efficiency. 
Its also known that high pulping temperatures produce chromophores which 
darken upon exposure to bleaching conditions, especially in the absence of 
How Peroxide Reacts Chemically 
To best understand the reactions involved when using 1½02, the rection
and dissociation of H2o2 must be understood. In water, the dissociation of 
peroxide we are most concerned with is. as· follows: 
� ... -H
'2
0
2 
+ H20  H3
0 + 0
2
H (8) 
In weakly acidic aqueous solutions, H2o2 has an approximate dissociation
constant of 2.4x10(-12).(11) The actual oxidative bleaching reaction imparted 
to mechanical pulps is due to the perhydroxyl ion (02H ). Dissociation of the
Peroxide increases with temperature but is much more dependent on the 
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alkalinty of the solution. As alkalinity increases, so does the rate of H2o2 
dissociation. Figure 1 shows the effect of Hydroxyl ion concentration on 
Peroxide dissociation. 100 [
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Figure 1: Peroxide Dissociation into Perhydroxyl ion (12) 
This dissociation is obviously not the only reaction involving the 
Peroxide during bleaching. Other competing reactions, most of which involve 
decomposition of the Peroxide to water and Oxygen, also take place during 
bleaching. Most of these are retarded by applying the Peroxide under alkaline 
conditions, but they can not and should not be stopped. 
The principal reactive component in bleaching is the perhydrox;l ion but 
potential reactivities of free alkali, Peroxide, and Oxygen from decompostion 
should not be ignored.(8) Sjogren, et.al., explain that there are in principle 
three types of reactions taking place during peroxide bleaching;(12) 
1. Peroxide Decomposition
2. Non-bleaching Reactions
3. Bleaching Reactions
Peroxide decompostion is the most prevalent reaction occurring and has the 
potential of decreasing Peroxide effectiveness if allowed to proceed unchecked. 
Heavy metal ions, which will be explained in detail later, have a tendency to 
catalyze reactions that decompose Peroxide. Non-bleaching reactions are those 
6 
in which Peroxide reacts with extractives in the pulp and those in which 
various Oxygen and Hydrogen constituents are formed. Bleaching reactions are 
promoted as much as possible for bleaching applications. Even though they 
constitute a lesser percentage of all Peroxide reactions, they are the most 
important. 
Reactions with Lignin and Lignin Models 
The principle bleaching effects are believed to result from reactions 
between the perhydroxyl ion and lignin or lignin residues in the pulp. 
Andrews believes that alkaline peroxide is capable of breaking down lignin­
like structures to yield colorless aliphatic substances by alternate routes, which 
involve demethylation, quinone formation, cleavage of side chains and ring 
rupture.(13) Omori, et.al.,(14) confirm those results with a lignin model 
compound stating that the phenolic ring of their model compound was 
extensively degraded following bleaching, yielding a variety of aliphatic 
fragments of which mono- and dicarboxylic acids are most abundant. Also, 
although more structure dependent, reactions leading to the fragmation of side 
chain substituents have also been identified. 
Remember that the perhydroxyl ion is not the only bleaching agent 
resulting from the use of Peroxide. Alkali promotes the formation of 
carbanions and conjugated carbonyl structures which constitute the sites of 
attack by Oxygen and Peroxide respectively.(13) In other words, Oxygen 
results in fragmentation of the lignins or formation of conjugated chromophoric 
structures, whereas peroxide removes the original chromophoric structures. In 
addition to the elimination of the chromophoric structures, peroxide also 
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participates in the oxidation of phenolic structures by the formation of hydroxyl 
radicals (OH� and superoxide ions (02 *).(9) This reaction seems to be
responsible for a major part of the decomposition of peroxide during bleaching. 
The reaction balance between Peroxide an Oxygen should be skewed towards 
removal of the chromophoric structures themselves while leaving the lignin 
molecules intact for higher yields with BCTMP. 
Andrews, et.al., have presented a possible reaction in which chain 
cleavage occurs to bleach lignin molecules. 
C�OH 
I 
C :Q 
CH2 
-ifi=,
H- C O- Logn,n 
A
H
�
OH 
CH.,O�OCtiJ 
L1gn1n - 0 OH 
COOH I* 
-C- I + \ fi QCH3 H- C 
\ O-L1gnin 
H- C:0 !COOHl 
Figure 2: Peroxide-Lignin Reactions in Bleaching (8) 
Color Formation 
The title of this thesis involves the optimization of brightness; Therefore, 
the main topic of this section is to describe basic color reactions with lignin 
and briefly discuss color reversion. 
As stated before,· peroxide is consumed in reactions leading to the 
destruction of conjugated carbonyl structures. Phenolic groups in lignin also 
seem to participate in a chain reaction involving hydroxyl radicals, superoxide 
ions, and oxygen from competing reactions increasing the consumption of 
8 
OH" 
0-L,gn•n 
Peroxide.(9) At the same time, new quinones (color units) are formed from 
these phenols and further converted by peroxide to carboxylic acids and 
hydroxy-quinones.(9) The presence of these structures puts up a maximum 
brightness ceiling when using Peroxide in bleaching reactions. Another 
discoloration factor to be considered is the affect of oxygen and other reactive 
oxidative species from Peroxide decomposition. Adrews states that high 
temperatures and alkalinity levels during bleaching contribute to the formation 
of carbanions. When this occurs, the degrees of discoloration and lignin 
degradation from Peroxide bleaching increased.(13) 
One of the main concerns with BCTMP is its tendency to revert in 
brightness when exposed to ultra-violet light. It is believed that the primary 
absorption of light and its transformation into absorbed energy leads to the 
formation of color with lignin structures as the major reacting species. This 
light absorption tendency by pulps , like BCTMP with high levels of lignin, 
negatively affects the brightness stability. Various carbonyl structures and 
structures with double bonds may be responsible. (10) For this reason, an 
increase in the content of phenolic hydroxyl groups also has a negative 
influence on the brightness stability. 
Major Process Parameters That Affect Bleaching 
Andrews, et.al. (8), give an excellant overview of process parameters that 
affect bleaching response. For this discusion, their basic subheadings will be 
used as a guide with slight variations. 
The first factor affecting bleaching are the actual pulp properties. The 
tree species is extremely important for a number of reasons. Each species has 
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a certain inherent color. When pulp is produced from these species, the 
resultant fibers have an initial brightness that places a ceiling on final 
brightness. If the original fibers are low in brightness, they will not achieve 
a bleached brightness comparable to high initial brightness fibers (see figure 3). 
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Figure 3: Bleach Response of some Wood Species to Peroxide (8) 
Each species also contains varying amounts of extractives. The higher 
the extractives content, the more the peroxide will decompose upon bleaching. 
Peroxide reacts more easily with free extractives than with harder to reach 
chromophoric structures within lignin. This is the major reason why hardwood 
fibers are usually used for CTMP pulps (lower extractives volume). 
Fresh wood is also easier to bleach. When chips or logs remain 
outdoors for extended periods of time, they develop materials which can be 
included in the same category as extractives. The older wood tends to decay 
which reduces its bleachability. Grinding the logs and refining the chips can 
impart too much heat to the lignin molecules and alter their structure and 
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refining itself can increase the metal component of the stock. Heavy metal ions 
can severely affect peroxide bleaching by catalyzing the rate of peroxide 
decomposition. A specific difficulty presented with high yield pulps is they 
provide excellant nutients for bacteriological growth such as peroxidase and 
catalase which decompose Peroxide. 
Peroxide charge to the system is a variable that will be discussed briefly. 
Increasing the Peroxide charge on pulp will increase the pulp brightness by the 
simple fact that increased chemical levels increase the possibility that individual 
fibers will come into contact with more perhydroxyl ions (see figure 4). 
Exactly how Peroxide is consumed is of little consequence. It is not possible 
to increase consumption by forcing the level of residual Peroxide down by an 
increase in alkali charge or by increasing the temperatue.(15) 
t 75 
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Figure 4: Peroxide Bleaching Response of Aspen and Spruce CMP (16) 
Solution alkalinity is of utmost importance for optimum results when 
using peroxide to promote the development of the perhydroxyl ion. Andrews, 
11 
15 
10 
et.al.,(8) has stated that for every increase of 0.25% H
2
o
2 
there should be �
comprehensive change of 0.20% NaOH to keep alkalinity at correct levels. 
There needs to be a balance of free alkali and peroxide (see figure 5). 
Hydrogen peroxide bleaching is most efficient with an-initial pH of 10-11. 
0---------...-------.----....-
,.o z.o 
",0, Ill 
Figure 5: Effect of H
2
o
2 
Charge on Birch Optical Properties (17) 
Increased alkalinity increases the bleaching rate up pH 11.5 where it 
passes through a maximum. A further increase leads to a desreasing rate. At 
pH 12, the bleaching rate is about the same as at pH 10.5.(12) Two important 
reactions are occuring, one increases the formation of chromophores from the 
oxygen and hydroxide and the other is increased peroxide anion concentration 
resulting in accelrated destruction of chromophores. The oxygen from 
decomposition actually generates chromophoric groups, can stabilize them and 
make _them more resistent to H
2
o
2 
by carbon-carbon dimerization*.(8) Because 
decomposition is increased with abundant alkali concentrations, the oxygen 
may darken the pulp and inflict damage on the cellulosic components. For 
these reasons, the solutions of bleach liquor should be buffered and stabilized. 
As the reactions proceed, the pH falls due to the formation of carboxylic 
12 
-
-
" • 
I JS 
I 
I 
I· 
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acids. To help maintain an optimum alkalinity and decrease decomposition 
rates1 a buffer and stabilizer are added like Sodium Silicate. Sodium Silicate 
buffers by assuming a complex formation between the Peroxide and silicic 
acids.(8) Usually, 3-6% Silicate by weight on pulp is used to buffer the bleach 
liquors. The silicate normally contains about 12% free NaOH with it which 
increases the alkalinity of the liquor. The �odium Hydroxide is usually added 
to the liquor to insure an optimum pH. If a single stage system is running 
effectively, the final pH should be about 9.0 and there should be at least 20% 
of the original Peroxide charge as residuals.(13) A normal bleaching liquor 
contains 1-3% Hydrogen Peroxide, 3-6% Sodium Silicate, an appropriate amount 
of Sodium Hydroxide to insure a sufficient free alkali concentration (subtracted 
from the free NaOH with the Silicate), and distilled water as the carrier. 
An important variable that should be considered, especially with CTMP, 
is the heavy metal ion concentration of the bleaching system. Heavy metal 
ions catalytically decompose the Peroxide reducing its beneficial effects 
substantially. For these reasons Magnesium Sulfate is added to the Sodium 
Silicate which reacts to form a colloidal suspension of Magnesium Silicate. This 
protects the perhydroxyl ion against decomposition by absorbing or 
deactivating trace metal catalysts like Mn++, Cu++, and Fe+++.(8) 
The pre-described method is old and more modem pretreatments have 
been developed for heavy metal ion inactivation, such as Pentasodium 
Diethylenetriaminepentaacetatic acid (Na5DTP A). This chemical is much more 
efficient at removing trace ions such as Fe+++, which is extremely difficult to 
remove. It is extremely stable in the stongly oxidizing systems like 
peroxide.(18) It reacts by forming a ring structure (complex) with the reactive 
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metal ions eliminating their negative effect. It has been proposed that Peroxide 
reacts with metal ions according to the Free Radical Chain Method presented 
by Francis. (11) 
M + 820, ----> � + HO- + HO· 
H,P2 + I-to --> H202 + HO· 
H02 + H20 ----> �O + o2
01 + M ... ----> o2 +-M 
Na5DTPA is a chelant which sequesters this effect by complexing with the 
metal ions before this reaction can proceed. 
Pretreatment with a chelant is a must for bleaching high yield pulps. 
Pretreatment 0.5-3.0% pulp consistency for several minutes and then dewatering 
will bind_:with. a majority of the metal ions. The chelation solubilizes and the 
dewatering removes--the:1ons. It must be stated here though that chelating in 
the bleaching stage alone is not sufficient to reduce Peroxide decomposition if 
the heavy metal ion concentration is high.(19) Following pretreatment, a single 
stage bleaching system is used. 
Another important variable is pulp consistency. Sjogren, et.al. (12) gives 
a good description of the effect of increased consistency (see figure 6). 
"One explanation (for increased brightness at increased consistencies) is 
that during bleaching some intermediate compound is generated which 
is able to diffuse out of the fiber and exist long enough to reach another 
fiber and act as a bleaching agent. The distance between individual 
fibers determined by the pulp consistency, is thus critical. The 
intermediate compound could be identical with radicals which are 
formed to a great extent by decomposition reactions parallel to the 
bleaching reactions." 
He also states that a possible explanation could be that there is an increased 
possibility of a perhydroxl ion reacting with the lignin molecule rather than in 
a decomposition reaction due to the increased consistency. Other alternative 
.. 
.•..:.·, 
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explanations include changed reaction mechanisms or diffusion resistance. The 
exact answer is unknown at this timein research. Normal consistencies used 
range from 10-20%. 
An important consideration at higher consistencies is proper chemical 
mixing. At consistencies above 20%, it becomes increasingly difficult to insure 
that bleaching chemicals interact with all fi}?ers. Many of the methods involve 
charging high amounts of peroxide into a static mixer, allowing a shortened 
liquor retention time, pressing the residuals out and recycling this filtrate to a 
previous step. The pressing stage has the advantage of reduced carry-over of 
organic material which could adversly affect latter stages. This two stage 
system will be briefly discussed later. ·· Another way is to use a Frotopulper 
which has two synchronously rotating screws that mix the bleach liquor with 
mechanical pulps at 25% consistency.(16) These systems must have exceptional 
washing capacity to insure that the pulps are free from residual color agents 
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Figure 6: Effect of Groundwood Consistency on Brightness with 2% f-½02 (8)
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Dissociation of Peroxide into the desired components is dependent on 
many factors, including system temperature. The bleaching variables 
temperature, alkalinity, and bleaching chemical retention time are 
interdependent of each other. If the retention time is too low, the temperature 
or alkalinity can be raised to compensate. For peroxide bleaching, normal 
temperatures range from 50-80°C and retention times vary from 1-5 hours. 
System temperature is . a -good control for residual peroxide. The main 
difficulty with temperature is its effect on lignin. At higher temperatures, 
lignin can be modified which decreases the bleaching efficiency. If temperature 
is too high, there can be brightness reversions due to the disappearance of 
Peroxide residuals causing "alkali darkening".(8) Temperature can be 
controlled by steam injections to the pulp prior to the addition of the peroxide 
liquor. 
When the bleaching is complete, the residual peroxide must be 
deactivated to prevent and stabilize against alkali darkening. Usually, aqueous 
Sulfur Dioxide, Sodium Bisulfite, Sodium Metabisulfite, or filtered Sulfite acid 
is applied at 3-5% consistency to neutralize and reduce the peroxide. If this 
system has proper agitation, the neutralization reaction is almost instantaneous 
because of the strong reducing agents used. 
Effect of Fiber Properties 
At stated optimum bleaching levels of 1 % H2o2 and 2% NaOH,
hydroplilic surfaces are formed which increases the fiber-fiber bonding during 
sheet formation.(17) Various other effects, compared to unbleached pulp are 
listed below.(17) (6) 
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1. Increased interfiber adhesion.(see figure 7)
2. Decreased opacity with increased brightness.
3. Decreased extractive (resin) levels by 60%.
4. Increased time dependent absorbancy.
5. Decreased the pulp tendency to disintegrate.
6. Decreased pulp stiffness by 50%.
7. Decreased dirt speck levels by 40%.
8. Decreased papermaking dust.
9. Higher resiliency and compressibility.
10. Better shade to colored grades.
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Figure 7: Effect of f½02 and NaOH Charges on Properties of Aspen (17)
Other Mechanical Pulp Bleaches 
Hydrogen Peroxide is not the only chemical that can be used for 
bleaching of mechanical pulps. Another chemical used is Sodium Hydrosulfite 
(Na2s2o4). This chemical is used primarily when brightness increases of 5-
10% are required. It is extremely easy to apply, more so than even Peroxide. 
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The pulp is heated with steam to about 150°F and the Hydrosulfite is added. 
A retention time of 1-2 hours is usually used to allow the chemical to react. 
The difference between this process and that of Peroxide is the method of 
bleaching itself. Hydrosulfite is a reducing agent (peroxide is an oxidizing 
agent). It has the same high yield quality as peroxide but works on different 
side chains of the lignin molecule to alter the chromophore structure. The 
main problem with hydrosulfite is that it has a higher brightness reversion 
upon exposure to UV light. 
Some mills are using more than one bleaching stage to achieve required 
brightness levels where one stage is insufficient. Many times, peroxide alone 
can not acheive a required brightness level. In these cases, hydrosulfite can 
be used in conjunction with Peroxide to increase the brightness ceiling. Since 
these two chemicals act by competing methods, the residual peroxide must be 
destroyed before application of hydrosulfite can be· used. It must also be 
remembered that as peroxide charge increases in the initial stage, the benefit 
received from Hydrosulfite in the second stage decreases. This can make 
application difficult and puts a brightness ceiling on the mechanical pulp. 
Another method of increasing the brightness ceiling is to use a carefully 
controlled two stage Peroxide system. 
Two Stage Bleaching Process 
The processes that have been discussed previously have all been based 
upon a single application of Peroxide bleach liquor where it is added at the 
top of a downflow tower and allowed a certain retention time before 
neutralization (see figure 8). This section deals with a two stage process where 
18 
most or all the bleach liquor is added to the second stage and its filtrate, with 
a high residuals level, is recycled back to the first stage (figure 9). 
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The main advantage with a two stage system Peroxide bleaching is 
increased bleaching control. Brightness from the first stage, which is normally 
run at medium consistencies, can be used to calculate the required peroxide 
charge to the second stage, usually at higher consistencies. The medium 
consistency in the first and high consistency in the second stage allows for a 
higher concentration of bleaching chemicals_ at the end of the bleaching process 
where chromophores are most difficult to bleach.(15) 
This system is only cost effective if the peroxide charge required is 
higher than 3% (see figure 10). Otherwise, a single stage operation at high 
pulp consistencies and good washing before bleaching is sufficient. Recycling 
of the peroxide from the second stage detracts from the value of prebleaching 
which makes wash water handling crucial.(15) 
Savings In peroxide, kg/ton pulp 
10 --------------
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Figure 10: 1--½02 Savings of 1-stage vs. 2-stage as a Function of Brightness (3)
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A multi-stage plant will also be more complicated. The additional 
capital investment over a single stage operation include a tower for 
prebleaching, a press, a high consistency pump, and another high consistency 
chemical mixer. It is also interesting to note that the initial brightness 
difference between a single and double stage bleached pulps completely 
disappears after heat aging.(15) The method of Peroxide addition outlined in 
this thesis will investigate the possibility of keeping the advantages of a dual 
Peroxide application with existing single stage equipment. 
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EXPERIMENTAL DESIGN 
The purpose of this thesis is to optimize the brightness increase of 
CTMP using hydrogen peroxide bleaching. To accomplish this, the variables 
which will be investigated are Peroxide charge, pH control, and method of 
liquor addition. 
Figure 11 shows the experimental design used for this thesis. Each of the 12 
categories involved three repetitions. In other words, each experiment was 
repeated three times in order to increase the accuracy of the results. These 
repetitions are signified as A, B, and C. The controlled variables categories are 
summarized below: 
1. Peroxide additions varied between 1%, 2%, and 3% on pulp.
2. pH was either controlled throughout the experiment or not controlled.
3. Peroxide liquor charge was either added at the beginning of the
experiment or at three different times during the experiment. 
The main reason for different Peroxide additions was to monitor its 
affect on bleaching and as a control for process alkalinity levels. As peroxide 
charge increases, the affect on brightness should proportionally increase. If the 
alkalinity levels were to vary considerably than the brightness increase from 
the peroxide would vary proportionally. 
The pH of the system has been shown to optimize bleaching efficiency 
at pH 11-11.5. By beginning all experiments at pH 11 and varying the control 
of pH throughout, differences between the two should be seen. The controlled 
pH should have a beneficial effect on brightness. 
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The third variable considered is the major driving force for this thesis. 
There have been many studies documenting the effect of a two stage process 
of peroxide bleaching (described in the background section). By adding the 
peroxide liquor at three different times, 1/3 of the total charge at the 
beginning, 1 /3 after 25 minutes reaction time, and the final 1 /3 after 50 
minutes, chromophore removal from the lignin should increase. The total 
retention time for this experiment will be 90 minutes for all samples. This 
system will be compared to an operation approximating a mill single stage 
bleaching operation. 
The idea came about when an article on modified kraft cooking in a 
Kaymr digester was read. In that system, instead of injecting the wood chips 
with the entire charge of white liquor at the beginning of the cook and 
allowing a downflow of chips and liquor, a modified cook injects the liquor 
at three different sections of the digester. The liquor flows upward against the 
flow of chips. This allows a more uniform cook and, thus, the carbohydrate 
components degraded less, leading to increased strength properties. The 
concept of uniform cooking liquor distribution seemed applicable to other areas 
of the mill, including bleaching. 
Besides the three controlled variables for this thesis, there are many 
others which must be taken into consideration to achieve accurate results. 
These must be standardized in order to investigate the effect of the control 
variables. Listed below are the variables which were held constant during this 
experiment. 
1. Unbleached CTMP sample of pulp.
2. Weight of oven-dry pulp used in each sample.
3. Unbleached pulp pretreatment procedure with Na5DTPA. 
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4. Cooking temperatures at 55-60 C.
5. Total liquor retention time at 90 minutes.
6. Washing screen.
7. Sodium Silicate used as the buffer at 3% on pulp.
8. Pulp consistency at 8%.
9. Handsheet testing procedures.
FIGURE 11 :Experimental Design Configuration 
1% Hydrogen 2% Hydrogen 3% Hydrogen 
Peroxide Peroxide Peroxide 
No pH Control 1A 2A 3A 
Full HJ)..2Charge 1B 2B 3B 
at Beginning 1C 2C 3C 
pH Controlled 4A SA GA 
Full H.zO..i Charge 4B SB 6B 
at Beginning 4C SC 6C 
No pH Control 7A 8A 9A 
Periodic HalO.:i 7B 8B 9B 
Additions 7C · BC 9C 
pH Controlled 10A 11A 12A 
Periodic H
.P
.;z 10B 11B 12B 
Additions 10C 11C 12C 
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EXPERIMENT AL PROCEDURE 
All procedures used during the experimentation were based on 
current industrial examples. The amount of each chemical addition was 
based upon at least 5 published values from periodicals and books. The 
process flows or chemical flows will vary from industrial examples due to 
the size and scope of the experimentation. 
To best illustrate the actual experimentation, procedural stages have 
been set up as summarized below: 
ST AGE 1: Experimental Setup 
ST AGE 2: Pre-washing and Chelation 
ST AGE 3: Bleaching 
STAGE 4: Handsheet Forming and Testing 
STAGE 5: Result Analysis 
STAGE 1 
The initial stage mainly involved researching proper procedures and 
preparing the required equipment and chemicals. All the chemical and pulp 
charges were based upon current charges used throughout the pulp 
industry. 
The CTMP was received from Quesnel River Pulp Company in British 
Columbia, Canada at 26.5% consistency. This unbleached pulp sample was 
chosen because it was produced from hardwood trees, specifically Aspen. 
The sequestering (chelating) agent was also sent from Quesnel River through 
The Dow Chemical Comp. of Midland, Michigan. The product name of the 
chelating agent is Versenex 80 - Pentasodium Diethylenetriaminepentaacetate 
acid (DTPA). 
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The> buffering> agent> Sodium> Silicate> used>during> the> experiment> was>
made> into> a> 10%> solution> from> dry> chemical> found> in> the> chemical> storage>
room> at> W.M.U..> It> was> dispersed> in> a> beaker> with> a> magnetic> stir> rod>
until> all> of> the> solid> salt> particles> were> in> solution.> The> sodium> hydroxide>
used> in> the> experiment> was> also> made> from> dry> crystals> found> in> the>
chemical> storage> area.> A> 20%> solution> was>made> in> the> same>manner> as>
sodium> silicate.> All> water> used> for> chemical> saturation> was> distilled.>
STAGE> 2>
The> pre-washing> stage> was> included> after> the> initial> bleaching> trial>
failed.> In> those> trials,> the> DTP>A> was> added> to> the> 12%> consistency> samples>
and> given> 10> minutes> to> react> before> bleach> liquor> addition.> It> was> found>
that> the> sequestered> metal> ions> must> first> be> removed> from> the> system>
before> subsequent> stages> can> begin.> The> first> step> in> the> altered>
pretreatment> stage> was> to> wash> the> pulp> with> tap> water> thoroughly> over> a>
fine> mesh> screen> to> remove> any> fine> impurities> carried> over> from> previous>
stages> of> pulp> production.> If> any> gross> impurities> were> noticed,> they> were>
also> removed.>
The> washed> pulp> was> than> diluted> to> approximately> 1.5-2%> in> a> large>
beaker.> A> small> lightning> mixer> was> placed> into> the> stock> to> insure>
sufficient> dispersion> of> the> DTP>A> for> complete> chelation.> The> rotational>
speed> was> fixed> with> a> rheostat> at> a> point> where> the> pulp> would> agitate>
but> not> imbue> air.>
At> this> point,> the> chelating> agent> was> added> to> sequester> any> heavy>
metal> ions> present> in> the> stock.> Recommended> amounts> were> 3lbs.> of>
DTP>A/Ton> of> pulp.> Since> each> sample> used> for> bleaching> was> standardized>
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to 20 oven-dry grams, the amount of DTP A added for chelation was 0.08 
grams. Since this amount is small, a syringe was used for increased 
measuring accuracy and the DTP A was added to a small beaker containing 
20 ml. of distilled water. This mixture was than added to the stock at the 
beginning of agitation. The stock was given 5 minutes to react with the 
DTPA before the agitator was stopped. After a 20-30 minute setting time, 
the stock was washed with distilled water over the fine screen used 
previously. The stock _was pressed into a mat of about 12% consistency,
placed into a resealable plastic bag and weighed for future steps. The fibers 
are now ready for bleaching. 
STAGE 3 
The first step in any bleaching operation involves bleach liquor 
preparation, in this case hydrogen peroxide and sodium silicate. The 
peroxide, at 35% concentration, was first added to a small beaker containing 
enough distilled water to achieve an 8% final bleaching consistency. There 
were basically three different peroxide levels used dependent on the 
percentage required for each specific bleaching application, whether it was 1, 
2, or 3%. The amount of sodium silicate used was based on the constant 
dry fiber weight. Six grams of the 10% solution was added to the liquor to 
insure a 3% application on 0.D. pulp. The total liquor charge at start 
method included the first half of the samples tested (trials 1-6). The liquor 
for the final 18 samples (trials 7-12) used an initial charge of 1 /2 the total 
distilled water, all the silicate (for buffering and pH control), and 1/3 the 
peroxide. At 25 minutes and 50 minutes into the cook, a liquor charge of 
1/4 the total water and 1/3 the total peroxide was charged. 
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Addition of the liquor to the fiber mats was difficult due to the 
possibility of inadequate mixing. Each liquor charge was added to the mat 
by pouring it evenly on the mat and sealing the bag. Each bag was 
kneaded by hand for a minimum of two minutes before addition to the hot 
water bath used for temperature control. The liquor imbibed. bags placed 
into the water bath were held at a constant temperature of 55-60 C for a 
total of 90 minutes, whether at full or regulated liquor charges. 
The bleached pulp was than washed through the screen with tap 
water to remove as much of the residual peroxides and reaction byproducts 
as possible. The bleached pulp was pressed by hand and placed into new 
plastic bags for handsheet making. The use of tap water seemed adequate 
for pretreatment and following bleaching because it should not affect the 
decomposition of peroxide during the bleaching. 
STAGE 4 
This stage of the procedure involved re-dispersing the 36 samples in 
hot water to remove signs of latency. This proved to be a large influence 
on handsheet production. Handsheets had to be formed on the Noble and 
Wood handsheet maker; fibers adhered to the British handsheet mould wire 
making it impossible to produce a uniform handsheet. A couple of test 
handsheets were made to get an idea of the required weight of stock for 
each sample handsheet. The stock was diluted in the handsheet maker, 
formed, pressed at constant speed and pressure, and dried at a constant rate 
and temperature. The dry sheet weight varied considerably due to the 
affect of static electricity in the handsheets induced by the water and dryer. 
The static made it impossible to weigh the 0.D. handsheets on a digital 
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scale.- The- resultant- handsheets- were- conditioned- for- at- least- 24- hours- in- a-
temperature- and- humidity- control- room- to- insure- a- constant- handsheet-
moisture- content.-
All- further- testing-was- done- according- to- recommended- T-APPI- testing-
procedures,- including- caliper,- brightness,- and- opacity.- Strength- testing- was-
not- examined- in- order- to- limit- the- scope- of- the- conclusions.-
STAGE- 5-
Data- analysis- involved- finding- confidence- intervals- for- all- of- the- data-
generated- in- order- to-arrive- at- accurate- conclusions.- Listed-within- the- data-
tables- are- averages- and- standard-deviations- used- for- data- comparison.- Each-
value- in- those- tables- is- an- average- of- several-more- for- increased- accuracy.-
All- the- original-data- are- contained- in- the- appendices.-
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RESULTS AND DISCUSSION 
Tables 1-5 and figures 12-14 illustrate the results of the experimental 
design and procedure. To best explain the results without much confusion, 
one testing result will be discussed at a time. When a result is specified as 
significant, compared to a standard, it is real with 95% confidence. In the 
tables are sample standard deviations which can be used to perform a Students 
T-test. The 95% confidence formula for test results is:
95% C.I. = [samp. mean +/- T""(samp. standard deviation/ # of samples)] 
* Where T=1.96 from a students T-table at infinite degrees of freedom
One of the documented advantages of BCTMP is the effect of bleaching 
on bulk qualities. Figure 12 and table 1 illustrate the results of handsheet 
apparent densities. Bleaching CTMP decreases the apparent density of 
handsheets significantly. The unbleached pulp was 10.2 lb./ft. "3 while the 
bleached pulp averaged 9.6 lb./ft.-"3. There was no significant difference 
between the various peroxide additions, pH control, or liquor addition levels. 
These insignificant results were due to high metal ion concentrations and 
insufficient mixing. 
Table 2 indicates brightness results for the initial full liquor addition 
variable an.d table 3 indicates brightness results for periodic peroxide additions. 
Figure 4 illustrates these results. As the concentration of peroxide increased 
from 1-3%, the brightness of the pulp increased significantly (except full pH 
control with periodic additions which fell short of significance). The effects of 
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pH control and periodic additions were random, therefore, insignificant. The 
explanation for this occurrence is variable peroxide decomposition, primarily 
due to metal ion contamination. It is known that pretreatment for heavy metal 
ions is not totally efficient, especially at high ionic concentrations.(18) Iron is 
extremely difficult to control because it binds to the lignin molecule more so 
than other metal ions.(8) The tap water in the Kalamazoo, Michigan area 
contains a high quantity of metal ions. These ions catalyzed decomposition of 
peroxide even with heavy DTP A pretreatment. 
Another explanation for the variable brightness increases was that mixing 
in the plastic bags was inefficient. Some pre-trials were done at lower 
consistencies (2%) in order to reduce this variation component. The results of 
this trial showed low brightness increases due to the low consistencies; 
therefore, reducing the consistency of the pulp was not an alterative for 
inadequate mixing. This variable caused liquor to be concentrated in certain 
areas of the pulp sample while dilute in others. The only other explanation 
is natural system variability. The effect of control variables could not 
compensate for the uncontrollable natural variation apparent in any bleaching 
operation. 
Table 4 indicates opacity results at full liquor charges at the beginning 
and table 5 indicate those for periodic additions. Figure 14 illustrates results 
from each of the bleaching levels. Literature states that corresponding 
decreases in opacity occur with increases of brightness. The results from this 
experiment cannot significantly state any specific conclusions. One result was 
interesting though not significant. There were slightly larger increases in 
opacity for periodic liquor additions as the peroxide level increased. If serious 
31 
peroxide decomposition had not occurred, these results could have been
significant. There were many sources where error could be induced into the
experiment. Thesepossible sources ofexperimentalerrorare discussed in the
next section.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TABLE 1: TRIAL AVERAGES FOR INTRINSIC HANDSHEET PROPERTIES 
I I 
AVERAGE AVERAGE AVERAGE 
SHEET WEIGHT BASIS WEIGHT APPARENT DENSITY 
(grams) ( /m"2) I (lb./ft"3): 
ORIGINAL 2.519' 61.0· 10.19 
#1 2.211 ! 53.6 9.40 
#2 2.569, 62.2! 9.77 
#3 2.341: 56.7 9.54 
---- i 
AVERAGE 2.374' 57.5 9.57 
STANDARD 
DEVIATION 3.585 0.154 
#4 2.598; 62.9 9.67; 
#5 2.631 i 63.7· 9.99! 
#6 2.4401 59.1 i 9.64· 
.......... I 
AVERAGE 2.556! 61.9: 9.77, 
STANDARD 
DEVIATION 0.084· 2.026! 0.158' 
#7 2.522· 61.1: 9.69: 
#8 2.4961 60.4: 9.55: 
#9 2.583i 62.5: 9.52 
-----' 
AVERAGE 2.5341 61.4 9.58 
STANDARD 
DEVIATION 0.036! 0.879 0.074, 
#10 61.1: 9.59! 
#11 2.432! 58.9: 9.59'. 
#12 2.627! 63.6• 9.84 
-----. 
AVERAGE 61.2 9.67 
STANDARD 
DEVIATION 0.080 1.932 0.118· 
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TABLE 2: BRIGHTNESS WITH THE FULL H O  LIQUOR CHARGE AT START 
I 
I 
!NO pH CONTROL
#1 #2 #3 
---- ---- ----
TRIAL A 54.1 62.8 64.8 
54.4 63.2 65.5 
64.8 
TRIAL B 55.7 63.9 66.0 
56.5 63.7 65.8 ORIGINAL 
66.3 --------
53.5 
TRIAL C 56.5 63.4 64.9 53.9 
55.9 63.4 64.9 52.6 
- - - -
AVERAGE 55.5 63.4 65.4 53.3 
STANDARD 
DEVIATION 0.95 0.35 0.57 0.54 
VARIANCE 0.89 0.12 0.32 0.30 
TEST+/- 0.8 0.3 0.4 0.6 
CONTROLLED pH 
- - I 
#4 #5 #6 
---- ---- ----
TRIAL A 59.5 60.7 60.4 
59.8 60.3 60.7 
TRIAL B 59.2 61.4 62.4 
59.1 61.0 62.3 
59.6 
TRIAL C 59.7 58.9 62.6 
60.7 61.0 61.8 
60.5 
- - -
AVERAGE 59.8 60.6 61.7 
STANDARD 
DEVIATION 0.53 0.81 0.85 
VARIANCE 0.28 0.66 0.73 
TEST+/- 0.4 0.6 0.7 
I 
I 
I 
I -
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TABLE 3: BRIGHTNESS WITH THE PERIODIC H O LIQUOR ADDITIONS 
I 
NO pH CONTROL 
- I - i -
#7 #8 #9 
---- ---- --·-·
TRIAL A 55.6 63.4 64.4 
55.9 63.4 64.4 
TRIAL B 57.5 63.0 64.8 
57.3 63.3 64.7 
TRIAL C 57.3 62.5 64.6 
56.8 62.3 64.7 
- - -
AVERAGE 56.7 63.0 64.6 
STANDARD 
DEVIATION 0.73 0.44 0.15 
VARIANCE 0.54 0.19 0.02 
TEST+/- 0.6 0.4 0.1 
CONTROLLED pH 
- - I 
#10 #11 #12 
---- ---- --·--
TRIAL A 58.7 61.8 65.0 
58.8 62.2 64.7 
TRIAL B 58.3 62.6 65.2 
58.5 62.1 65.4 
TRIAL C 56.3 63.1 64.8 
55.9 63.0 65.4 
65.2 
AVERAGE 57.8 62.5 65.1 
STANDARD 
DEVIATION 1.18 0.47 0.26 
VARIANCE 1.40 0.23 0.07 
TEST+/- 0.9 0.4 0.2 
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TABLE 4: OPACITY WITH FULL H O  LIQUOR CHARGE AT START 
I 
INO pH CONTROL 
#1 #2 #3 
---- ---- ----
TRIAL A 61.5 65.8 66.6 
57.7 70.2 "67.2 
67.5 
TRIAL B 63.3 71.2 67.4 
63.9 70.9 66.2 ORIGINAL 
69.6 --------
67.2 
TRIAL C 62.3 67.1 69.4 66.1 
64.1 67.7 64.5 63.6 
- - - -
AVERAGES 62.1 68.8 67.3 65.6 
STANDARD 
DEVIATION 2.18 2.05 1.55 1.51 
VARIANCE 4.74 4.20 2.41 2.27 
TEST+/- 1.7 1.6 1.1 1.7 
CONTROLLED pH 
- - I -
#4 #5 #6 
-·--- ---- ----
TRIAL A 67.4 68.3 66.2 
67.2 69.5 64.1 
TRIAL B 67.5 68.7 68.0 
67.4 69.0 67.3 
66.2 
TRIAL C 69.6 66.6 66.3 
69.4 65.8 67.4 
64.5 
- - -
AVERAGES 67.4 68.0 66.6 
STANDARD 
DEVIATION 1.53 1.33 1.26 
VARIANCE 2.34 1.77 1.60 
TEST+/ 1.1 1.1 1.0 
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TABLE 5: OPACITY WITH PERIODIC HO ADDITIONS 
NO pH CONTROL 
#7 #8 #9 
---- -·--- ----
TRIAL A 61.8 69.8 70.8 
64.3 69.6 "69.4 
TRIAL B 65.9 66.8 70.3 
63.9 67.6 69.9 
TRIAL C 65.6 67.8 67.2 
67.4 67.7 68.0 
AVERAGES 64.8 68.2 69.3 
STANDARD 
DEVIATION 1.76 1.10 1.27 
VARIANCE 3.11 1.21 1.62 
TEST+/- 1.4 0.9 1.0 
' 
CONTROLLED pH 
#10 #11 #12 
---- ---- ----
TRIAL A 67.8 67.5 69 
66.8 6R3 69.4 
TRIAL B 67.7 66.1 70.3 
67.2 64.9 69.8 
TRIAL C 66.6 68.1 69.7 
66.7 69.3 65.5 
71.1 
AVERAGES 67.1 67.4 69.3 
STANDARD 
DEVIATION 0.47 1.46 1.66 
VARIANCE 0.23 2.14 2.74 
TEST+/- 0.4 1.2 1.2 
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CONCLUSIONS 
Hydrogen Peroxide is an effective bleaching agent for bleaching of 
CTMP, if all the process variables are taken into consideration. Process 
mechanics are extremely important, especially pretreatment. There are many 
reactions besides the actual bleaching reaction involved which decompose the 
Peroxide during the bleaching of mechanical pulps. These reactions must be 
curtailed in order to achieve a high bleaching efficiency. 
This thesis concludes that Hydrogen Peroxide bleaching of CTMP is 
effective in developing bulk for tissue and fluff grades as well as brightness. 
Bleached brightness increases considerably over unbleached with Peroxide 
bleaching, its effects increasing as the Peroxide charge increases. The 
Optimization of pH during the bleaching procedure does not show significantly 
different results than a single stage process with no pH control during the 
bleaching. It is also concluded that addition of the bleach liquor at different 
times during the bleaching does not significantly affect the brightness 
developed. Varying Peroxide addition and optimizing the pH do not increase 
resultant brightness significantly but also does not decrease the brightness 
results significantly. 
It has been shown that heavy metal ions like Fe+++ dramatically affect 
the bleaching with peroxide. Pretreatment is a requirement when a high final 
brightness level is to be reached. Alkalinity of the system is also a major 
consideration when using Peroxide to bleach CTMP to high brightnesses. 
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SOURCES OF EXPERIMENTAL ERROR 
Most of the results for this thesis were inconclusive. For this reason, the 
sources of error are extensive. The cause of the inconclusive results will be 
examined. 
The most pronounced problem was heavy metal ion contamination. Due 
to limited amounts of distilled water during the experimentation, the initial 
washing of the unbleached pulp was done with tap water. The stage after 
initial washing, pretreatment with DTP A, should have negated the increased 
concentration of metal ions. The pulp was also washed with tap water 
following the experiment, as a neutralization reaction. Since the bleaching 
reaction was finished, it was thought that tap water would not adversely affect 
the experiment. The consideration not taken into account was the extremely 
high iron concentration in the tap water. The iron actually darkened the pulp 
during the final washing stage before pressing into the mat. This effect could 
have been disregarded if distilled water was available. Another possible 
solution could have been to step up the DTP A charge in the pretreatment. 
This would have reduced the unbleached pulp washing stage effect on 
brightness. 
Another possible reason for low brightness increases was the ratio of 
peroxide to NaOH. It has been stated in literature that the ratio of peroxide 
and hydroxide molar concentrations is very important for the optimization of 
bleaching. This thesis was examining the effects of peroxide at optimum pH's. 
To control the pH, sodium hydroxide was used which disturbed the ratio of 
peroxide to free hydroxide. For this reason results may have been affected by 
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the varying molar concentrations of hydroxide. 
A third source of· error was the pH meter. The meter had difficulties 
with the medium consistencies and had a tendency to jump around. The 
digital readout would not stop at a specific value. This may have been an 
indication of poor liquor distribution throughout the pulp. This in itself would 
add large amounts of error into the experiment. Poor distribution of pulping 
chemicals would greatly decrease the bleaching efficiency. 
The controlled variables for this experiment may not have a pronounced 
effect on the fibers. There were so many variables affecting bleach response 
that they rank in importance. For instance, pulp consistency has a more 
pronounced effect on bleaching than changes in temperature but is not as 
important as residual peroxide percentages. 
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RECOMMENDATIONS 
The variables examined in this thesis did not significantly affect the 
brightening efficiency of the system. To get these results, the system must be 
completely free of heavy metal ions. There are competing reactions with 
peroxide during the bleaching process which have to be taken into 
consideration, specifically decomposition into water and oxygen. 
The laboratory is an ideal· place to negate variables from a system. that 
can not be in a mill situation. This should be taken advantage of for 
experimentation but not forgotten. All applications of research should be 
considered in a practical sense before attempted in a mill. The first step 
would be to take into account all the possible variables that could affect the 
bleaching process, such as water. For peroxide bleaching, distilled water 
should be used in all aspects of the experiment, including handsheet forming. 
This will help rid the system of uncharacteristic variables such as heavy metal 
ions. Also, pretreatment of the pulp can further reduce carryover of metal ions 
and organic residuals from the previous refining stage. 
The chemicals which were used were usually marked as to concentration 
and molarity. These labels should not be trusted unless the chemical has been 
recently received from the supplier. Always test the chemicals in order to 
insure constant results. Another consideration is residual chemicals testing 
after the bleaching reaction has been completed. This would serve as an 
indication of reaction. completion. Sometimes poor results will indicate a 
process problem when only the residual chemical concentration could explain 
the effect. 
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The final factor which should be considered before the actual 
experimentation is begun is sample randomization. Randomizing the samples 
before major operations of the experiment would decrease the effect of natural 
process variation on the results. Randomizing samples before liquor addition 
would decrease the chance of seeing an effect that may not be truly present. 
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67.1 66.9 68.2 68.7 i 67.3 I 72.0 66.0 I 68.2 i I I - - - - I - - - -
AVERAGES 66.6 67.2 67.3 67.7 I 64.9 65.0 I 65.3 i .68.5 
I ' ! ! ' 
! I i I 
SAMPLE# 4A1 4A2 481 4B2 483 4C1 : 4C2 ! 4C3 I I 
l ! I I 
VALUES 66.7 69.9 68.7 69.7 i 67.4 ' 71.9 68.9 66.0 I 
66.8 64.3 66.4 67.8 ' 67.2 I 66.3 67.6 I 65.4 I I 
67.2 68.4 66.6 ! 70.7 ' 66.4 I 70.3 70.9 I 64.5 
68.3 66.3 66.2 65.5 63.6 ' 70.2 70.6 62.4 I I 
68.2 67.1 69.4 63.4 I 66.3 69.1 69.1 I 64.2 ' i ' 
- ! I I ' - - - - I - - I - I 
AVERAGES 67.4 67.2 67.5 67.4 ' 66.2 ' 69.6 I 69.4 
I 64.5 I I I 
I I I I ! I I 
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Appendix IV con't I ! 
I I 
I ! i 
SAMPLE# 5A1 5A3 5B1 I 5B3 5C1 5C2 
; I i l 
VALUES 70.4 70.1 ! 68.2 ' 71.4 : 65.9 64.7 ii 
69.5 70.4 68.2 66.1 66.3 
' 
65.4 ' i 
68.8 69.4 68.7 I 68.5 67.6 67.4 i 
66.5 69.1 68.3 I 69.8 66.5 64.0 
66.3 68.5 70.3 ' 69.2 66.7 I 67.7 
! ' ! - - - - - -
AVERAGES ·68.3 69.5 I 68.7 i 69.0 66.6 ! 65.8 I I
I ! i
' ' I 
SAMPLE# 6A1 6A2 6B1 682 6C1 6C3 
! ! I 
VALUES 66.1 62.6 69.0 69.4 66.7 I 65.4 II 
64.6 63.4 68.3 67.1 67.3 I 64.2 i 
65.4 64.6 67.2 i 68.2 65.2 I 66.9 II 
: 66.9 64.7 68.3 63.3 66.5 ! 66.2 
67.9 65.1 67.1 : 68.7 65.6 67.2 ii I I - - - ! - - - ! 
AVERAGES 66.2 64.1 I 68.0 67.3 66.3 66.0 ! 
! ! 
I I ! 
SAMPLE# 7A1 7A2 I 7B1 7B2 7C1 i 7C2 I
! I 
VALUES 66.4 66.6 ! 64.4 ' 67.2 65.5 
I 68.4 I' !
62.4 61.6 68.5 65.0 62.3 ' 68.0 I I I 
60.4 64.3 66.7 I 60.4 : 69.6 I 63.9 i 
58.2 64.8 1 68.7 62.6 : 64.3 I 68.6 I
61.4 64.3 61.4 64.5 66.4 i 68.1 ! 
! i i - - - - - ! -
AVERAGES 61.8 64.3 65.9 63.9 65.6 j 67.4 I ! I 
i ' I i I 
i ! : 
I 
SAMPLE# 8A1 8A2 I 8B2 8B3 8C1 8C2 ' ' '
; I II 
VALUES 67.5 71.2 I 67.8 67.4 70.2 67.1 
I 
' 
69.6 69.5 I 67.6 68.2 68.7 68.4 I : 
72.0 68.3 66.1 64.5 68.3 69.5 
69.3 69.2 66.4 69.4 63.6 : 64.9 i 
70.6 69.8 i 66.3 68.4 68.4 i 68.4 i
- - - - - ! -
AVERAGES 69.8 69.6 i 66.8 67.6 67.8 67.7 i 
: I 
I ! I I I 
SAMPLE# 9A1 9A2 9B1 9B2 9C1 I 9C2 
! ! 
VALUES 72.4 70.3 69.2 70.5 71.5 71.5 I 
71.2 68.1 70.5 68.8 64.4 : 68.2 !
69.5 70.5 71.1 70.7 69.2 I 68.4 I 
69.4 70.0 70.5 70.4 63.0 65.9 I 
71.7 68.2 ! 70.2 69.3 67.7 65.8 ' ' 
I - - - - - : -
AVERAGES 70.8 69.4 ! 70.3 69.9 67.2 68.0 :-· 
I 
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Appendix IV con't I 
' I 
! 
SAMPLE# 10A1 10A2 10B1 10B2 10C1 10C2 
I i 
VALUES 67.8 67.2 68.4 66.7 65.7 ! 66.4 !
66.9 68.2 68.5 67.9 l 66.5 67.0 i 
68.4 65.8 68.8 70.5 66.3 66.7 
67.8 66.0 64.6 65.5 I 66.5 65.9 I 
68.3 66.9 68.4 65.4 ! 68.0 67.3 
- - - - - -
AVERAGES 67.8 66.8 67.7 67.2 1 66.6 66.7 
I 
I 
SAMPLE# 11A2 11A3 11B2 11B3 i 11C1 11C2 
I 
VALUES 68.3 69.4 65.2 64.9 ' 69.2 69.9 
69.5 69.3 64.6 l 63.4 ! 68.3 68.4 
67.3 67.6 66.6 I 64.2 ! 67.2 68.5 
64.0 68.0 66.3 I 66.5 68.3 70.2! ! 
68.4 67.2 67.6 65.5 i 67.7 69.7 
- - - - ! - -
AVERAGES 67.5 68.3 66.1 ! 64.9 i 68.1 69.3 
! 
SAMPLE# 12A1 12A3 12B1 12B3 : 12C1 12C2 12C3 
l 
VALUES 70.8 70.0 69.3 70.2 ' 69.4 65.7 ' 70.2 ' 
69.4 67.7 67.7 I 68.9 66.4 62.2 70.2 
67.1 68.8 71.1 70.4 ' 69.6 66.6 : 71.9 
68.6 69.2 70.8 i 70.3 : 70.7 67.2 72.7 
69.3 71.2 72.5 69.3 ' 72.4 65.7 70.4 
- - - - ! - -
AVERAGES 69.0 69.4 70.3 ! 69.8 : 69.7 i 65.5 71.1 
! 
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APPENDIX V: LIQUOR ADDITIONS AND EXPERIMENTAL DESIGN 
TABLE 1: NO pH CONTROL: FULL H2O2 CHARGE AT START 
- ---
SAMPLE 1 
1% H2O2 
SAMPLE 2 
2% H2O2 - -----
- - --
SAMPLE 3 
3% H2O2 --
- ·-
A 
B 
C 
A - -
B 
C --- - - - -- - -
A ------ . - -·
B - --- - ---· 
C 
----
- ------- -- -
PRETREATMENT= 
___ Pulp _ 
Weight 
(grams) 
191.24 
179.02 
177.74 ---
- - -•··----- -- - --
153.10--- - - -
167.88 - -- --
167.58 - -- - --
146.44 
137.74 ----·-----
190.17 
·-
Sodium - - -- -- ---- -
Silicate 
(grams) 
6 
6 ·--
6 ---·- -
- -- ---·- - ---·-· 
6 ·----
6 - -- - --
6 - --- - --• -··-
----- --
- -- - - 6 
6 
. . ... 
-- - ... --- -·
6 
·---- ---
NaDTPA (3 lbs./ton of pulp 
_Hydrogen 
Peroxide 
(grams) 
0.57 
0.57 
0.57 
-- - -- --
1.14 
1.14 
1.14 
1.71 - -- -- ---
1. 71 - - - -
1.71 
-·- --
Water - - --- - -
Addition 
(grams) 
52.19 
64.41 ---- --
65.69 
·--------
89.76 - -- --
74.98 ----------
75.28·--- ... 
- ·----
95.85 -· - . . . .. -
104.55 - --·-·•··----
52.12 
--- --
··· ·- -----
Initial 
pH 
11.1 
11.1 
11.0 ·-
- - . - - - ·-·
10.9 - · · ·- -
10.9 ------- --
10.9 - - - - -- -----. 
---- -
. ----10.7 
10.6 ·-•-··---
10.6 
- ------ ---
Final 
pH 
9.9 
9.9 
9.9 
------ ------
9.7 --··--
9.6 ---- --
9.6 --------
------
9.6 ------. 
9.5·-····•---
9.5 
Time · ---·
Start 
2:20 
--- - ·- - ·
3:10 
-----·--
-------
- 3:55 ... 
---
-
Time ·-·----
Finish 
3:50 
4:40 
- ··
- - ----- -
5:25 ----·-····- -•-----
f--------------
0:) 
Ii') 
-----~1--- --- - -1------ - 1- ------
I r 
Appendix V con't 
-TABLE 2: pH CONTROL : FULL H2O2 CHARGE AT START
. -- -- ..  -· .. 
SAMPLE 1 ------ -
1% H2O2 
SAMPLE 2 - - - -- - - -
2%H2O2 
-- - --
SAMPLE 3 ·- - -- --
3%H2O2 
A - --·-- ---
B 
C 
A
1- - -
B 
C-· -- -------�-- - --
A-- ----- --- - --
B--- . I-- --- --- -
------- . -·--· 
C 
-· - - -
- ·-·- ····-·----
PRETREATMENT= 
_P_!:jlp_ 
_ Vi{ei9ht_ 
(grams) 
175.62 -----
164.78 
183.33 
----- -- .. 
156.01 
181.27 
170.69 - -------
·-- - --· -
171.78 -- ---- - - - - . 
173.25 ·- -- ---- - - -
165.14 
·- --·-·-- --. ·-
Sodium 
Silicate 
(grams} 
6------ --
6- - - -
- --
6 
6 
6 
6 
-
. ·· --···-
- -·- ·- - - -
•- - -- --
6- - ----- --·- --
6- ----- -
6 
- -----·-- -
NaDTPA (3 lbs./ton of pulp 
Hydrogen 
Peroxide .. - - - . ·-·-··· 
(grams) 
0.57 ---- -
0.57 
0.57 
------------ --
1.14 
1.14 
1.14 - -- - --
--- --- --
1.71 ----
1.71 -- - -
1.71 
· -- - --
Water 
Addition 
(grams) 
67.81 --·-· ·-
78.65 
60.1 
-- -- --------
86.85 
61.59 
72.17 -- --- --
- --- ---- -
70.51 -- - - ---
69.04 ---- - - ---
77.15 
-----
Initial Final - - - ----
pH 
10.9 
10.9 
10.9 
- - -···· ·-- --
10.8 - ·-·--
10.8 
10.8 ---- --- -- - --
-- -··•--•----
10.7 ------
10.7 - - - -•-·--
10.7 
pH 
10.3 
10.2 
10.3 
---- - . ---
10.5 
10.5 
f----
10.3 ----- --
----------
10.5 - - -- --
10.5 ---- ·-
10.5 
Time ··-·- - -------
Start 
10:55 --- -
----- - --- -· 
11 :50 
- - -
---- - - --·- · 
12:40 
-·--
Time -- . .  ··-·--··  
Finish 
12:25 - ----
------ ··-··---- ·-·· 
1:20 
····· 
--- - --------
2:10 ----- -- -
---
0,.. 
I.I') 
1--------1---- - - - ------• - - -----~ •- --- --------------1 - - ----
-- - - - - - '- --------,1-------+-------I-------+-------~ -------
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- - -·· . ---- -- --
TABLE 3: NO pH CONTftOL : PERIODIC H2O2 ADDITIONS 
-
SAMPLE 1 A 
1% H2O2 B 
C 
SAMPLE 2 A 
2°10 H2ci2- B····-----
C-
SAMPLE 3 A --- - 1----- .. 
3% H2O2 B - -
C 
----- - -----
PRETREATMENT= 
Pule_ _ 
��_t  
(grams) -
171.61 
177.95 - --
163.74 
. - -
168.88 
178.56 - - -- -
172.22 
-
---
- - - --
------ --
165.08 -
169.10 ---- -
163.12 
- -
- -----
Sodium ----
Silicate ----·--
(grams) 
5.5 -- - --
5.5 
5.5 
. -- - --··· 
5.5 ----- -----·
5.5 
5.5 ---- -
5.5 ----- . - -----
5.5 -- -
5.5 
-- ------· 
NaDTPA (3 lbs./ton of pulp) 
Hyd.rogen 
Peroxide ----- --
__{_g�ams) 
0.57 
0.57 --· 
0.57 
. - - - ·-
1.14 
1.14 
1.14 
.. 
--·  
--- --
- --------
1. 71---- . .  ·- ---
1.71 
1. 71
- ------ -
Water 
Addition 
(grams) 
71.82 
65.48 
79.69 
--- -- ·-----
74.48 
64.80 
70.84 
77.71 ··- ·-- . ------
73.69 ----
79.67 
Initial 
pH 
10.8 
10.8 
10.8 
----- -- . - - - ---
10.8 
- -- -
10.8 
10.8 
10.7 -- - -
10.6 
10.7 
- --
Final 
pH 
9.6 
9.7 
9.6 
·- -- ·•
- -- ·• 
9.1 - ··· -- - -
9.2 
9.2 
9.2 . --- - -
9.0 
Time - -· ···--
Start 
2:50 
-- - ----
3:15 
1-------
· 
--
4:30 
... -- - -
---- --- -
9.1 
Time of 2nd 
Addition 
3:15 
------ ---· · --
3:40 
4:55 
- - ----- - - --
Time of 3rd 
Addition 
3:40 
---- -----
4:05 
5:20 ---··-·--- -
Time 
Finish 
4:20 . . 
--· --·-· ·- . - -
4:45 ----- --- . 
----- - -
-- ----- - - · 
6:00 -·----·--- . --
.... ·····-·· 
.. 
0 
-0 
_,_ --------+---- ---
I 
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TABLE 4: pH CONTROL : PERIODIC H2O2 ADDITIONS 
SAMPLE 1 
1% H2O2 
SAMPLE 2 
2% H2O2 
--
SAMPLE 3 - ·-
3% H2O2 -- - - - - -
-- . - --- - --
--
·- --
A 
B 
C 
A --
-- - . --
B 
C 
A 
B - - - --
C 
.. 
- --- -- •-·• -
PRETREATMENT= 
·- ��l_p
. __ Weight __
(grams) 
173.64 ----- ----
180.61 -------- -
178.30 
·-·-- -- -·-- .  
167.73 - - -- - --
168.87 -----· 
156.52 ----- -· ·-
---·-- -
169.26 
177.78 - --
172.39 
. -- .. - - - -
Sodium ---------
Silicate ----· ·---- --
(grams) 
5.5 -----
5.5 ---- -
5.5 
--- - ---
5.5 - --·•-
5.5 ------ -
5.5 - --- -• ---
----- ---
6....... 
6 
.. -- . 
-- -- --
6 
- ----- ----- - - . 
NaDTPA (3 lbs./ton of pulp) 
_.!:!_ydrogen 
Peroxide ·- - --
(grams) 
0.57 - ----
0.57 
0.57 
-----
1.14 
1.14 
1.14 - - ---- - - ---
1.71 -- - -----
1.71 - - -- - -- --- -
1.71 
- - --- --- -
Water 
Addition - -- ----
(grams) 
70.29 
63.32 
65.63 
75.63 
74.49 
�-
86.84 - ------ --
73.03 --- . . . .  ---
64.51 ---· - -- --. ---
69.90 
·----- -
Initial ------
pH 
11.0 
11.1 
11.1 
----
10.9 
11.0 
11.0 --- - -
10.9 --- - . -----
10.7 ----- -- - ---·-
10.7 
-- - - - --
Final 
pH 
10.2 
10.2 ----
10.2 
10.5 
10.7 
10.7 
11.0 - -- ----
10.7 ---- --· 
10.6 
------ ·- ----
Time Time of 2nd ___  ,.._ 
Start Addition 
5:40 6:05 
6:55 7:20 
-- -- ---
8:20 8:45 . -- - --· ----- - -- - -
-♦ ··-- -
- - - -- -- -- --
Time of 3rd 
Addition 
6:30 
7:45 
·-----
9:10 · · ---·- -
--- -
· - ---
Time 
Finish -
7:10 -- -----
--- . 
---·····-- --·-· 
8:25 
- ----
-- --- - -
9:50 
--- ---- -
. .  ---- --··· 
-
-0 
------+ - ·--- -
Iii 
WELCOME 
EFFECT OF pH CONTROL 
ON THE BRIGHTNESS OF 
PEROXIDE BLEACHED PULP 
l1l1GHTNESS VALUES 
�::/;;;;wr;w::?\� r;:�:�: :::tr•:=:\::tu12r:·:•rt\::·:-:-wr•:tr)•:=::r':":£1tr•fr:i:t•:=:=:-:-:=:-:====·=·=-=·=-=·=-=-:-: 
-- HIGHEST BRIGHTNESS OBTAINEDItMtMNf.J:JWtM=l�i!iWiM IN 2 S• AGE SEQUENCE IAIJ•H H•-� 
- Ir\ VV,/1 P 
IF f==========� =r CONTROL 
■ BEST BRIGHTNESS STABILITY
OBTAINED IN SINGLE STAGE 
SEQUENCE WITH pH CONTROL
,; 
11 
I BRIGHTNESS VALUES I 
80 .---- -
en 60en 
-§, 40 -�
?ft 20
0 .____ 
1st-no pH 1st - pH 2st - no pH 
Stages 
F1G ( 
2st - pH 
BRIGHTNESS VALUES 
80 ,--'-- � 
� 60 
C 
�40 
■-
cc 20
?ft. 
0 ,....______, 
1st - no pH 1st - pH 2st - no pH 2st - pH 
Stages 
• Initial Brightness tt1ww After Aging (105 C) 
Ft&-2-
Cl) 
D I 
RESIDUAL PEROXIDE 
50 � � 
Cl) 
"'C ·x 40
0
Cl)
o.. 30-
ca 
-5 20 ·-
en 
Cl) 
a: 10 
cft­
o�
1st - no pH 1st - pH 2st - no pH 2st - pH 
Stages 
Fie:,-3 
YIELD AFTER BLEACHING 
120 
100 en en 
80 (]) 
C 
◄-'
..c 60 0) 
■-
� 
cc 
� 0 
40 
20 
0 
1st - nq pH 1st - pH 2st - no pH 2st - pH 
Stages 
F,&4 
RESULTS 
The results obtained from the experiments are: 
1-Stage 1- Stage with 2-Stage 2-Stage with
without pH pH control without pH pH control
control control 
Initial pH 11.5 11.5 11.5 11.5 
Final pH 10.02 11.5 10.5 11.5 
Residual 41.58 19.96 39.92 21.62 
Peroxide,% 
Brightness 66.3 65.4 68.5 68.8 
Std.dev 0.57 0.33 0.81 0.47 
Yield 94.36 95.46 92.8 92.03 
Brightness 56.5 59.9 61.8 61.4 
after aging 
Std.dev 0.73 0.46 0.95 0.86 
